Four species of Hypericum growing in Italy were characterized morphologically and chemically: Hypericum perforatum L., H. maculatum Crantz., H. calycinum L. and H. pulchrum L. The composition of secondary metabolites (phloroglucinols, naphthodianthrones, flavonoids) in the aerial parts of plants collected in different habitats was analysed. The four species show different compositions of phloroglucinols and naphthodianthrones, but there was no qualitative difference in flavonoid content of the species analysed. Study of main-constituent variation during the ontogenetic cycle showed that hypericin decreases and hyperforin increases during the reproductive phase. In St. John's Wort, hypericin and hyperforin are thought to be localised in black nodules. Our investigation shows no clear correlation between either the presence or absence of nodules and hypericin or hyperforin content.
The great interest on H. perforatum and its potential for human health have encouraged us to investigate the productivity of some Hypericum species growing in Italy. In this work four species were studied: H. perforatum L., H. maculatum Crantz., H. calycinum L. and H. pulchrum L. All these species are herbaceous plants. H. perforatum is characterized by a two -winged stem and black nodules over the whole plant; H. maculatum is different only for the four -edged stem. H. pulchrum is characterized by sessile leaves, small flowers, hirsute sepals with black nodules, and petals, stems and sepals with translucent glands. H. calycinum has typical inflorescences, but the black nodules and translucent glands are absent [5] . We have characterized each species chemically and morphologically. The chemical study has been concerned with the composition of flavonoids, phloroglucinols and naphtodianthrones; the morphological analysis has regarded the presence and distribution of secretory structures.
In this study we have analysed the secondary metabolites with interesting and demonstrated biological activity (a, chlorogenic acid; b, rutin; c, hyperoside; d, isoquercitrin; e, quercitrin; f, quercetin; g, hypericin; h, hyperforin) [3] [4] [6] [7] [8] . The MeOH extracts were analysed by RP-HPLC. The identification of peaks was effected on the basis of For quantitative analysis we produced eight calibration curves, as described in "experimental". For all compounds, a linear relationship between peak area and concentration was observed, with a correlation coefficient always better than r = 0.997. Analysis of the four species under study was performed during the flowering phase (Table 1) . In all species, the content of a was highly variable from 0.16 to 4.98%. Rutin (b) and hyperoside (c) (not always detectable separately) were the more abundant flavonoids, except in H. calycinum where quercitrin (e) and quercetin (f) were more important. H. perforatum was characterized by the presence of hypericin (g) (0.13-0.18 %) and hyperforin (h) (up to 10%). A considerable amount of g was also detected in H. maculatum and of h in H. calycinum (0.54%). The analysis of samples of H. perforatum collected at different altitudes showed that the contents of chlorogenic acid, flavonoids and hypericin seem not to be affected by the altitude; on the contrary very significant decreases were found in the h content in the sites at higher altitudes (from 10% to 3%) ( Table 1 ).
Furthermore in H. perforatum, the analysis of metabolite content was performed during the reproductive phase (pre-flowering I, flowering II and fruiting phase III) with the following results. a: the content was variable in the different populations studied; b, c, d, e: there was a gradual decrease from the I to III phase; f: the content of this compound reached the maximum level during the II phase; g: the content decreased with values in a range of less than 10%; h: the content was low in the I phase and Chmical and morphological studies of four species of Hypericum Natural Product Communications Vol. 1 (12) 2006 1131 reached the maximum in the III phase, with an increase of more than 50%. Table 2 shows an example (sample collected in Comabbio). calycinum may be considered a good source of phloroglucinols and naphthodianthrones, respectively. It is worthwhile to notice that the production of g in H. maculatum is comparable, in quantity, to that of the well-known H. perforatum. It is also important to note the significant influence of altitude on the productivity of h in H. perforatum. Finally, even if many authors report that g and h are localised in b.n. [9] [10] , our investigation shows no clear correlation between the presence/absence of nodules and either hypericin or hyperforin content. [5] . Voucher specimens are deposited in the Dipartimento di Biologia, Università di Milano. Table 3 shows localities, altitude and identification numbers of samples. Chlorogenic acid (a), rutin (b), hyperoside (c), isoquercitrin (d), quercitrin (e), quercetin (f), hypericin (g) and hyperforin (h) were obtained commercially, a-g from Extrasynthese, Genay, France, and h from PhytoLab GmbH e Co. KG, Labor Addipharma, Hamburg, Germany. These compounds were used to produce a spectral library in order to identify chromatographic peaks. The concentration of pure compounds was 0.4 mg mL -1 and the injection volume was 15 μL. The analytical chromatographic analyses were performed with a Merck-Hitachi L 6200 system with a Hewlett Packard 1040 photo diode array detector, controlled by HP-Chemstation (Hewlett Packard) software. Calibration curves for a-h were realized with solutions of known concentrations (0.4, 0.2, 0.1, 0.05, 0.025 mg/mL).
Morphological characteristics

H. perforatum:
Experimental
Plant material: Fifteen populations of
Morphological analyses:
The morphological analyses were performed using a stereomicroscope, model MZ 6, Leica Mycrosystems S.p.A, Milano, Italy.
